tracking continued until a streamline reached one or more of the stopping criteria (i.e., exited the brain mask, made a turn of > 60°, and/or reached a voxel with a fractional anisotropy of < .05).
Reconstruction of binary group connectomes.
Reconstructed streamlines were combined with the BB38 cortical segmentation map to obtain a corticocortical connectivity matrix for each subject for both species. A connection was considered present if it had at least one streamline, and absent otherwise (thresholding at 5 or 10 streamlines produced similar results). For humans and chimpanzees, we constructed a binary group connectome that consisted of connections present in ≥ 60% of subjects from each species (thresholding at 50% or 70% produced similar results).
Human-chimpanzee shared and human-specific connections. Human-chimpanzee shared connections were defined as connections present in the group connectomes of both species (i.e., connections observed in ≥ 60% of both human and chimpanzee samples). Human-specific connections were defined as connections present in ≥ 60% of human subjects but absent in the chimpanzee sample (i.e., not found in any of the chimpanzee subjects). Analyses involving human-specific connections were performed based on binary topology at the group level. Chimpanzee-specific connections (i.e., connections present in ≥ 60% of chimpanzee subjects but absent in the human sample) consisted of three interhemispheric connections (see section Chimpanzee-specific connections below).
Reconstruction of subject-level weighted networks.
For each subject, the shared connections present in both species were included in a cross-species shared connectivity matrix. The number of streamlines (NOS) of each connection was used as a metric of between-subject and between-species variability. Fractional anisotropy (FA) was also considered as connection weight (see section Alternative connection weights). Weights of the shared connections were normalized by resampling to a Gaussian distribution (M = 1, SD = 0.2) for each subject to correct for interindividual and cross-species differences in global connection strength (8) (9) (10) . A group-level weighted connectome for each species was computed by taking the non-zero mean strength of the included connections across subjects. Connections absent in an individual subject (i.e., present in ≥ 60% of subjects across the group but not in the subject at hand) were imputed as the non-zero group mean for that connection from the corresponding species, following the procedure proposed by ref. 10 . As such, all individual networks of human-chimpanzee shared connections had identical density and binary topology as well as identical means and variations of total strength for both species. This method enabled comparison of graph metrics based on the weight distributions over the networks, avoiding potential biases from differences in network density or global weight (11) (12) (13) .
Supplementary results

Human and chimpanzee group connectomes
Small-worldness. We investigated the global organization of the human and chimpanzee group connectomes. Both the human and chimpanzee connectomes showed low normalized characteristic path length (human: median = 1.121, IQR = 1.118-1.123, chimpanzee: median = 1.095, IQR = 1.092-1.098) and high normalized clustering coefficient (human: median = 2.214, IQR = 2.164-2.263, chimpanzee: median = 2.267, IQR = 2.214-2.322), indicative of a small-world organization (14) . Path length and clustering were normalized to a distribution of 1,000 degree-preserved randomized reference networks for each species. Furthermore, the normalized small-world index significantly exceeded 1 for both the human and the chimpanzee group connectomes, indicating small-world organization (all P < .001, nonexceedance probability of a distribution of 1,000 degree-preserved randomized reference networks for each species). Using an alternative group prevalence threshold of 50% or 70% revealed similar results.
Modularity. We next investigated the modular organization of the human and chimpanzee group connectomes by computing network modularity (15) . The modularity quotient Q was 0.368 with 4 modules for the human group connectome and 0.362 with 4 modules for the chimpanzee group connectome, indicating the presence of modular structure in both networks. Using an alternative group prevalence threshold of 50% or 70% revealed similar results.
Rich-club organization. We next investigated a putative rich-club organization in the human and chimpanzee group connectomes, characterized by a tendency of high-degree nodes to be more densely interconnected than nodes of a lower degree (16) . We computed for each degree k the rich club coefficient (the number of observed connections between nodes of degree k or higher divided by the total number of possible connections between such nodes). Networks were considered to have a rich-club organization if the rich club coefficient for a range of k was significantly higher in the examined group connectome than in a distribution of 1,000 degree-preserved randomized reference networks (17) . The human group connectome showed evidence for rich-club organization for k = 20-21 (all P < .05, non-exceedance probability of a distribution of 1,000 degree-preserved randomized reference networks). The chimpanzee group connectome showed evidence for rich-club organization for k = 8-12 (all P < .05). Using an alternative group prevalence threshold of 50% or 70% showed rich-club organization for comparable ranges of k (with exception of the human group connectome at 50% group prevalence threshold, which showed trend-level significance for rich-club organization at k = 25-27).
Strength of human-chimpanzee shared connections.
We further compared the strength of shared connections in the human connectome to the strength of the same shared connections in the chimpanzee connectome. Normalized NOS weight of shared connections was correlated between the two species (Pearson's r = 0.69, P = 6.77×10 -50 , as reported in the main analysis), indicating overlap in the strength distribution of shared connections in humans and chimpanzees.
Validity of reconstructed connectivity
Human-chimpanzee shared connections. Analyses of connectivity shared across species were based on connections that were prevalent (e.g., found in ≥ 60% of subjects) in both humans and chimpanzees. In order to rule out any cross-species differences in the variability of the included connections (possibly reflecting systematic differences in sensitivity or specificity of connectome reconstruction), we compared the distribution of connection prevalence between humans and chimpanzees (18) . Connection prevalence of shared connections was similarly distributed across humans and chimpanzees ( Fig. S7 ).
Human-specific connections. Analyses of human-specific connections were based on the conservative selection of connections that were observed in the majority of humans (i.e., found in ≥ 60% of humans) but were absent in all chimpanzees (i.e., found in 0% of chimpanzees). Despite using such a stringent threshold for the selection of human-specific connections (to minimize the inclusion of potential falsepositive fiber reconstructions), we emphasize the importance of further validating the putative DWI-based human-specific connections reported here in terms of their biological plausibility. Fifty-two percent of these connections (17 out of 33) linked cortical regions along the arcuate fasciculus (e.g., inferior frontal cortex to middle/inferior temporal gyrus, inferior parietal cortex to middle/inferior temporal gyrus). Thirty-nine percent (13 out of 33) connected to the cingulate gyrus and the precuneus (PEm/PEp). With these regions previously noted to have expanded during human brain evolution (19, 20) , we argue that additional connectivity between them may constitute biologically plausible human-specific connections. Adding further to their biological plausibility, human-specific connections were mostly symmetrical across hemispheres, with the exception of connections between inferior frontal area FBA and the middle/inferior temporal gyrus (TE1/TE2), which were exclusively found in the left hemisphere (see also Fig. S3 ). Taken together, human-specific connections appeared to be distributed in a non-random spatial pattern that is in line with patterns of human brain expansion. We therefore deem it unlikely that these connections constitute false positive connections in humans, or conversely, false negative connections in chimpanzees.
Alternative connection weights
Diffusion-weighted imaging protocols yield several metrics for each reconstructed fiber, such as the number of streamlines (NOS) or fractional anisotropy (FA). These connection weights highlight different aspects of the reconstructed connectivity. To further explore the cross-species effects reported in the main text, we here repeated our main analyses of weighted connectivity using additional connection weights (number of streamlines, streamline density, and fractional anisotropy).
Number of streamlines.
The main analysis of human-chimpanzee shared connectivity was based on edge betweenness centrality, a measure that takes into account both the strength (NOS in the main analysis) and the topology of connections within the network (21) . To isolate the effect of connection strength, we here considered the NOS as connection weight instead of weighted edge betweenness centrality. NOS were normalized to a Gaussian distribution (M = 1, SD = 0.2) for cross-species comparison (8-10). Shared connections were divided into connections between multimodal association, unimodal association, and primary cortical areas as in the main analysis (22) . NOS-based results showed higher relative strength of connections between multimodal association areas in humans compared with chimpanzees (Z = 6.26, r = .71, P = 3.96´10 -10 ). Connection strength between unimodal association areas was found to be lower for humans than for chimpanzees (Z = -4.90, r = -.56, P = 9.75´10 -7 ) . Connection strength between primary areas was not statistically different between humans and chimpanzees (Z = -1.05, r = -.12, ns). Interhemispheric connections showed lower strength in humans compared with chimpanzees (Z = -2.55, r = -.29, P = .011). Strength of intrahemispheric connections was not significantly different between humans and chimpanzees (Z = 1.35, r = .15, ns). Humans showed higher NOS-weighted network modularity than chimpanzees, as reported in the main analysis (i.e., Z = 3.01, r = .34, P = 2.6´10 -3 ). Connection strength of language-related areas FCBm and FBA was higher within the language network in humans whereas it was lower between regions FCBm and FBA and the rest of the brain network, as reported in the main analysis (i.e., Z = 2.68, r = .31, P = .001, and Z = -6.46, r = -.74, P = 1.01´10 -10 , respectively). NOS-based results thus extend the effects reported in the main analysis by assessing the unique contribution of NOS connection weight, in addition to the topological centrality of connections.
Streamline density. We extended our cross-species results by assessing streamline density of each connection, dividing the NOS weight of a connection by the average surface area of the two areas serving as end points of the connection, as also often examined in the connectome literature (8, 17, 23, 24) .
Streamline density was calculated for each subject separately to account for individual and cross-species differences in surface area for each cortical area. Similar to the main analysis, streamline density was resampled to a Gaussian distribution (M = 1, SD = 0.2) for cross-species comparison. Streamline densitybased results did not reveal significant between-species differences in relative streamline density for connections between multimodal association areas (Z = .87, r = .10, ns) nor unimodal association areas (Z = -.42, r = -.05, ns). Streamline density of connections between primary areas was higher in humans compared with chimpanzees (Z = 3.00, r = .34, P = .0027). Interhemispheric connections showed lower streamline density in humans compared with chimpanzees (Z = -2.43, r = -.28, P = .015). Intrahemispheric connections showed higher streamline density in humans compared with chimpanzees (Z = 2.06, r = .23, P = .039). Streamline-density based network modularity was higher in humans compared with chimpanzees (Z = 4.14, r = .47, P = 3.45´10 -5 ). Streamline density of connections of language-related areas FCBm and FBA was not significantly different within the language network (Z = .41, r = .05, ns) whereas it was lower between regions FCBm and FBA and the rest of the brain network in humans compared with chimpanzees (Z = -5.56, r = -.63, P = 2.72´10 -8 ).
Fractional anisotropy. We also considered fractional anisotropy (FA), another frequently used measure of connectivity that is believed to relate to fiber microstructure with contributions from myelination and axonal structure (25) . We corrected for fiber distance to avoid confounding effects of fiber distance differences in the cross-species FA comparisons, with FA values significantly correlated with physical fiber distance of the connections (Fig. S8) . FA values were normalized to a Gaussian distribution (M = 1, SD = 0.2) as in the main analysis. FA-based results showed lower relative connection strength between multimodal association areas in humans compared with chimpanzees (Z = -3.55, r = -.40, P = 3.87´10 -4 ). Connections between unimodal association areas showed lower strength in humans than in chimpanzees (Z = -3.79, r = -.43, P = 1.49´10 -4 ). Connection strength between primary areas was found to be higher for humans than for chimpanzees (Z = 4.75, r = .54, P = 2.08´10 -6 ). Interhemispheric connection strength was lower for humans than for chimpanzees (Z = -5.61, r = .64, P = 2.08´10 -8 ). Intrahemispheric connections showed higher strength in humans than in chimpanzees (Z = 2.32, r = .26, P = .021). FAweighted network modularity was found to be higher for humans than for chimpanzees (Z = 3.94, r = .45, P = 8.02´10 -5 ). Strength of connections between areas FCBm/FBA and other language-related areas was not significantly different between humans and chimpanzees (Z = .46, r = .05, ns), whereas connections between FCBm/FBA and the rest of the brain showed lower strength in humans than in chimpanzees (Z = -3.39, r = -.39, P = 7.08´10 -4 ). The FA-based results potentially suggest relatively lower myelination of connections between higher-order areas together with relatively higher myelination of connections between primary areas in humans compared with chimpanzees.
Effects of demographics
Age. The chimpanzee and human samples were matched with respect to their biological ages and included subjects from a wide age range to minimize potential cross-species age effects. We repeated our analyses excluding all chimpanzees > 40 years old (5/20 subjects) and all humans > 60 years old (12/57 subjects) to verify that the inclusion of potentially geriatric subjects did not affect our main conclusions. This analysis (N = 45 humans, N = 15 chimpanzees, one-tailed) showed that weighted edge betweenness centrality of shared connections between multimodal association areas was higher in humans than in chimpanzees (Z = 4.09, r = .53, P = 2.17´10 -5 ), confirming the results reported in the main text. Furthermore, network centrality of connections between primary areas was lower in humans than in chimpanzees (Z = -5.03, r = -.65, P = 2.44´10 -9 ), while connections between unimodal association areas again showed no difference between the two species (Z = -1.14, r = -.15, ns). Network centrality of interhemispheric connections appeared to be lower in humans compared with chimpanzees, (Z = -1.49, r = -.19, P = .068), while centrality of intrahemispheric connections was higher in humans than chimpanzees (Z = 2.46, r = .32, P = 1.40´10 -3 ). Accordingly, weighted network modularity was higher in humans than in chimpanzees (Z = 1.81, r = .23, P = .035). Strength of connections between areas FCBm/FBA and other language-related areas was higher in humans compared with chimpanzees (Z = 2.17, r = .28, P = .015), while connection strength between areas FCBm/FBA and the rest of the brain was lower in humans than chimpanzees (Z = -5.29, r = -.68, P = 6.04´10 -7 ). In addition, results showed the same human-specific connections as in the main analysis, with human-specific connections being physically longer than human-chimpanzee shared connections (Z = 2.50, r = .13, P = .0124) and showing a higher increase in network efficiency compared with human-chimpanzee shared connections (Z = 4.11, r = .21, P = 4.00´10 -5 ). These additional results indicate that our main findings were not biased by the inclusion of older chimpanzee and human subjects.
Sex.
Our study consisted exclusively of female chimpanzee and female human subjects, due to the practical reason of greater availability of female chimpanzees. Female human subjects were included to match the chimpanzee sample in both age and sex. Although it was not among the hypotheses of the current study, it is possible that there are potential sex effects in the connectome differences between humans and chimpanzees. Future work including sufficiently large samples of both male and female subjects may help to elucidate potential sex differences in cross-species connectome architecture.
Connection types
Shared and human-specific connections. We used edge statistics to compare the contribution to global network efficiency of human-chimpanzee shared connections and human-specific connections. In the main text, this analysis was based on the human group connectome (i.e., connections that were found in ≥ 60% of human subjects). We further refined this analysis by focusing the computation of global efficiency on those connections in the human group connectome that were shared with the chimpanzee (i.e., the shared connectome). A connection was selected from the shared connectome and network efficiency was computed with and without this connection. Next, a human-specific connection was swapped for the selected shared connection, and network efficiency was computed again. The shared connection was matched to the human-specific connection in terms of fiber length as in the main analysis. The difference in global network efficiency after insertion of the human-specific connection as computed and compared against the difference in global network efficiency after insertion of the shared connection. The procedure was repeated for all human-specific connections. The analysis was therefore identical to the main analysis except that global efficiency was now computed based on the shared connectome instead of the human group connectome. The increase in network efficiency associated with human-specific connections was more than twofold higher (median = 6.52×10 -4 , IQR = 4.81×10 -4 -9.21×10 -4 ) than the increase associated with shared connections (median = 2.93×10 -4 , IQR = 1.96×10 -4 -4.32×10 -4 ), Wilcoxon rank sum Z = 4.68, r = .577, P = 2.81×10 -6 .
Chimpanzee-specific connections. The main analysis showed three connections that were found in ≥ 60% of chimpanzees but in none of the human subjects. Since the sample size of these chimpanzeespecific connections was not sufficient for rigorous statistical testing, we here report these connections qualitatively. All three chimpanzee-specific connections were interhemispheric, linking bilateral areas FBA, left FBA to right FCBm, and left FCBm to right TA. These findings are in line with previous comparative studies reporting a relatively larger corpus callosum and relatively higher interhemispheric connectivity in brains of smaller primates compared with humans (26, 27) . Table S1 . Table S1 . Table S1 . Cortical classification into primary, unimodal association, and multimodal association areas. First column describes the cortical areas according to the von Bonin & Bailey atlas (BB38) (4) . For reference, corresponding Brodmann areas (BA) are listed in the second column (5, 29) . The third column describes the classification into primary, unimodal association, and multimodal association areas according to Mesulam (22) . The Mesulam division consists of five categories: 1) primary unimodal, 2) unimodal association, 3) heteromodal/multimodal association, 4) paralimbic, and 5) limbic areas. With both heteromodal/multimodal and paralimbic areas described as processing multimodal information (22), categories 3 and 4 were collapsed into the class of multimodal association areas. Limbic areas were not part of the BB38 cortical parcellation. 
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